Natural dyestuff of luteolin was isolated and used to dye wool fabric in this paper. Ethanol extraction and high-speed countercurrent chromatography (HSCCC) were used to extract and purify the luteolin from the peanut shell, and the structure of the isolated luteolin was characterized with FTIR techniques. The interaction between dyestuff and fiber was preliminarily discussed through thermodynamic study and supramolecular structure simulation to explain the intrinsic reasons why the color fastness was low when luteolin was applied to dyeing wool fabric. The extraction condition and purification parameter were as follows: 65% ethanol, ratio of material to liquid 1:20, 80˚C, 3 h, chloroform-methanol-water (4/3/2, V/V), 800 rmp/min, 2.0 Mkpa, 0.5 mL/ min and 280 nm. The results of dyeing thermodynamics showed that the sorption isotherm of luteolin on wool fabric was consistent with Nernst model and similar to the disperse dyestuff. With molecular simulation, luteolin and glycin composed 8 stable complexes whose Laplacian values all were greater than 0, which suggested typical hydrogen bonds existing. The complex with three hydrogen bonds was proved the most stable. Both studies on thermodynamics and supramolecular simulation revealed that luteolin on wool fabric mainly depended on the weak hydrogen bonds interaction that determined the low dyefastness.
Introduction
As one of the most upscale textile fibers in textile industry, wool possesses some inherent excellent properties of soft luster, luxurious hand, fine elasticity, good drape property, strong moisture absorption, preferable heat insulating ability, better anti-wrinkling performance, excellent abrasion resistance and stain-resistance ability, especially comfortable to wear. Wool can be used for various worsted and woolen apparel fabric in good quality and make industrial wool fabric and miscellaneous adornments. Wool fibers consist of protein in which the repeated unit is amino acid. The amino acids are linked together by peptide bond (-CO-NH-) to form protein structure. The most important component in wool is keratin that is amphoteric and a complex protein comprised of diversified α-amino acid residue [1] . And in general, wool is dyed with acid dyes.
Luteolin is a kind of important flavone, which is present in natural medicine such as honeysuckle, chrysanthemum and scutellariabaicalensis. It also can be found in vegetables and fruits such as celery, carrot and lemon [2] [3] . Luteolin has a C6-C3-C6 structure that contains two benzene rings and one oxygen-containing ring with a C2-C3 carbon double bond. Luteolin also possesses hydroxyl groups at carbons 5, 7, 3' and 4' positions ( Figure 1 ). Numerous studies have indicated that the hydroxyl moieties and C2-C3 carbon double bond in luteolin are responsible for its biochemical and biological properties [2] [4] [5] . Luteolin is widely used in medicine research due to its multiple pharmacological effects, such as antibacterial, antiphlogistic, antioxidative, etc., but infrequently in dyeing research. Luteolin can be used to dye wool fiber through hydrogen-bond interaction because its polyhydroxy and mildly acidic.
Textile is our primary goods and the question whether the manufacturing processes and materials for textile meet our health requirements has aroused wide attention. Because of better biodegradability and compatibility with the environment as well as lower toxicity and more sources, natural dyes excite increasing interests in recent study. Luteolin can be isolated from a wide variety of natural sources. Therefore, luteolin would have broad prospects of application to natural dyestuff in textile dyeing.
Experiments

Materials and Instrumentations
Peanuts were purchased from agro-product market and wool was obtained from 
Luteolin Isolation and Purification
The peanut shells were shelled by hands in our laboratory, washed and dried by drying oven at 80˚C. The dried peanut shells were grinded completely by pulverizer and immersed in petroleum ether to degrease with the ratio of material and liquid at 1:10, along with ultrasonic wave for 40 minutes. After 12 hours' standing, the mixture was subjected to evaporate and dry. All these processes were preparations of luteolin isolation. Then, the treated powder of peanut shells was extracted with 65% ethanol and solid to liquid ratio of 1:20 for 3 hours at 80˚C, followed by filtration, evaporation and drying.
HSCCC was used to isolate and prepare natural dyestuff of luteolin and the characteristic absorption wavelength of luteolin was determined through measuring absorbance at 280 nm by UV/Visible spectrophotometer. The operating conditions were as follows: solvent system of chloroform-methanol-water (4/3/2, V/V), processing speed of 800 rmp/min, pressure of 2.0 Mkpa, and flow rate of 0.5 mL/min.
Identification of Luteolin Structure
The FTIR analysis is an important tool to identify the characteristic functional groups that might be responsible for properties. The structure of luteolin sample was identified by FTIR techniques and the FTIR spectrum was recorded within the range of 4000 -400 cm luteolin standard sample (98%) with the isolated luteolin sample's.
Dyeing Thermodynamics Experiments
First, the wool was dried in drying oven. Then, we weighed 15 samples of dried wool and each sample was 0.5000 g. Subsequently, these wool samples were carried out in dyebaths that the bath ratio was 1:50 and the pH was 4.5 severally at 70˚C, 80˚C and 90˚C for 90 min. Each dyeing was done for different dye shades of 1, 1.25, 1.5, 1.75, 2.0, 2.5, 3.0 and 3.5 percent owf. The dyed samples were respectively rinsed with 75 mL water in order to remove non-absorbed dyes and rinse water was mixed with homologous dyeing residue. We respectively measured the absorbance of each mixed dyeing residue and drew the adsorption isotherms, and dyeing affinity, dyeing enthalpy and dyeing entropy were also calculated using statistical functions [6] [7].
Supramolecular Structure Simulation Experiments
The conjecture was that there was obvious hydrogen bonding interaction between luteolin molecule and wool fiber because of abundant hydroxyl groups in wool fiber molecule and luteolin molecule [8] . The research chose glycine holding a large proportion of amino acid in wool as research object to analyze and discuss the significance of combination manners and space structures when luteolin was used for dyeing wool fabric. The molecular space structures of luteolin and glycine were drawn by molecular simulation software (Gauss View 5.0).
The structure was optimized and the frequency was calculated by Gaussian09w based on the density functional theories (DFT) of quantum chemistry, by using B3LYP with the 6-31G(d) basis set at 80˚C under 1atm pressure [9] . Multiwfn software was applied to analyze the calculation results.
Results and Discussion
Isolation of Luteolin
The isolation effect of HSCCC is shown in Figure 3 . Results show that: flow rate 0.5 mL/min, pressure 2.0 Mkpa, chromatographic column speed 800 rmp/min, peak time was 30 -60 min, at this time was the best isolation effect and the peak pattern was in good symmetry without wave. As a matter of fact, we collected pure luteolin sample at 38 min of peak time.
Identification of Luteolin Structure
The FTIR spectrum of luteolin sample is shown in Figure 4 and compared with 
Dyeing Thermodynamics Research of Lueolin on Wool Fabric
Adsorption Isotherms
The adsorption isotherms of luteolin on wool fiber are described by Nernst isotherms [10] depicted in Figure 5 because the dye concentration on the fiber and in the bath holds are linear relationship. The correlation coefficients R 2 are in the range of 0.909 to 0.976 obtained by linear fitting.
The fixation and the adsorption of the dye molecules at the surface or the interior of the fiber are governed by affinity between natural dyestuff of luteolin and wool fiber. Concentration of dye on the fiber is proportional to concentration of dye in the dye liquor when the dye reaches equilibrium. So the inference natural dyestuff of luteolin dyes wool fiber probably mainly by hydrogen bonds.
Calculation of Standard Affinity, Dyeing Enthalpy and Dyeing Entropy
The adsorption property of luteolin on wool fiber is similar to the adsorption of disperse dyes on polyester fiber and the nature of luteolin adsorption pertains to distribution mechanism [11] . The thermodynamic parameters such as standard affinity (−Δµ 0 ), dyeing enthalpy (ΔH) and dyeing entropy (ΔS) were computed as shown in Equations (1), (2) and (3) [7] [12].
where, D f and D s are the concentration of dye on the fiber and in the dyebath respectively, T is the temperature and R is a constant standing for 8.314
J·(mol·K) −1 . The thermodynamic parameters and distribution coefficient K obtained at different temperatures are presented in Table 1 . Table 1 shows distribution coefficients and affinities increased in the wake of the increase of temperature and the values of dyeing enthalpy and dyeing entropy are positive.
The affinity indicates the trend of the sorption behavior of dyes onto fibers and the higher value reflects more energetically favorable sorption [7] [13]. The ΔS indicates the degree of randomness of dye molecule and the position value of ΔS manifests higher temperature is more conducive to increase the dyeing affinity and easier to dye fabric during dyeing process [7] [14].
Supramolecular Structure of Luteolin on Wool Fabric
The molecular structures of luteolin and glycine were simulated by Gauss View 5.0 and optimized by Guassian09, as shown in Figure 6 . The simulation of hydrogen bonds in supramolecular structure elucidates Therefore, oxygen atom has a higher electronegativity than nitrogen atom and the hydrogen atoms in oxygen atom expose more thoroughly in order to accept duplet more easily. In this situation, supramolecular structure is the most stable and has lowest energy. 
Conclusions
The optimized extraction condition of luteolin was as follows: 65% ethanol, ratio of material to liquid 1:20, extraction temperature 80˚C, 3 h and purified luteolin can be obtained in following parameters: chloroform-methanol-water (4/3/2, V/V), 800 rmp/min, 2.0 Mkpa, 0.5 mL/min and 280 nm.
The mechanism that luteolin dyed wool fiber mainly by hydrogen bonding were similar to disperse dyes. The thermodynamics study revealed Nernst isotherm fitted well to the adsorption equilibrium data.
The supramolecular simulation demonstrated the complex with hydrogen bonding formed between luteolin and amino acid in wool fiber and the complex containing three hydrogen bonds was in the best stabilization.
The investigation proved the interaction of luteolin on wool fabric depended mainly on weak hydrogen bonds, which were accountable for low color fastness and poor stability.
